We established a standard curve for age estimation of the Japanese grass vole, Microtus montebelli, from eye-lens weight as a tool for analyses of ages in the vole population. Predicted age was given by the equations, xϭ10 (Yϩ2.00)/3.24 for males, and xϭ10 (Yϩ1.72)/2.94 for females, where Y is weight of paired lenses in mg and x x is predicted age in days. Indices of predictive accuracy of the technique (S yx /Y ළ: the standard error of estimate divided by the mean of Y) were 0.059 and 0.073 for males and females, respectively.
INTRODUCTION
The Japanese grass vole, Microtus montebelli Milne-Edwards (Rodentia: Muridae), is a major pest rodent in agriculture and forestry in Japan. The vole damages agricultural products in the fields and strips bark of trees in orchards and afforested lands (Tanaka and Udagawa, 1954; Watanabe, 1962; Udagawa, 1965; Kaneko, 1975; Arai and Shiraishi, 1982) . Age estimation is useful in the study of the mechanism of damages caused by rodents as well as for ecological analyses of their populations (e.g. Yabe, 1994 Yabe, , 1998 Yabe et al., 2010) . Although the vole is endemic to Japan (Murakami and Kaneko, 1997) , we have no such an indicator for age determination. Pucek and Lowe (1975) recommended the lens-weight as the best criterion among known indices for determining age of voles and several other small mammals, especially those having a restricted breeding season. The content of insoluble protein (tyrosine) in lenses was demonstrated as more accurate criteria (Dapson and Irland, 1972; Stump and Anthony, 1983) . However, the lens-weight seems to be more feasible criterion than the insoluble-protein content when we analyze many specimens. Therefore, we establish a standard curve by eye-lens weights in the vole.
MATERIALS AND METHODS
We obtained a colony of about 100 Japanese grass voles in 1982 from a stock, which had been maintained in Matsuyama Senior High School. The original founders were captured in 1975 from a pasture along River Arakawa in Okegawa, Saitama Prefecture. They were mated with each other and kept in plastic cages (32ϫ21ϫ13 cm) in the laboratory under the room temperature. A commercial diet (Oriental East ZC/ZF for grazing herbivores) and water were provided ad libitum. The regression lines were derived from 136 voles (66 males and 70 females) ranging in age from 32 to 478 days for males and from 23 to 498 days for females.
Voles were killed with the dislocation of cervical vertebrae, and their eyes were removed and preserved in 10% formalin. Lens pairs were then excised and oven-dried for two hours at 100°C. After drying, lenses were cooled in a desiccator and then weighed in pairs to the nearest 0.01 mg. The total weight of the pair was recorded along with the known age in days. The linear regression analysis Eye-lens weight curve for estimation of age in the Japanese grass vole, Microtus montebelli Milne-Edwards (Rodentia: Muridae) Tatsuo YABE 1, * and Osamu ARAKAWA including the test of outlier was performed with the add-in software, Statcel (Yanai, 1998) and Datamine (Ueda et al., 2004) . Homoscedasticity was examined with the regression slope of absolute values of residuals on X ළ , where the slope in such plots should be zero (Dapson, 1980) . As recommended by Dapson (1980) , we used S yx /Y ළ , the standard error of estimate divided by the mean of Y for an index of predictive accuracy of the technique.
Ages were logarithmically transformed because the growth pattern of lens weight was found to be curvilinear. The simple linear regression relationship (YϭaϩbX) between X (age in days after logarithmic transformation) and Y (weight of eye-lens pairs) was applied. The confidence limits L were predicted with the formula (Dapson, 1980) :
, S b is the standard error of the regression coefficient, S yx 2 is the residual mean square, SS x is the sum of squared deviations of X, t is Student's t (dfϭnϪ2, pϭ0.05), and n is the sample size. When mϭ∞, L indicates the confidence limits of the mean prediction for the population, and when mϭ1, L represents the confidence limits of the individual prediction. Figure 1 shows the resultant regression lines. The equations were:
RESULTS AND DISCUSSION
where Y is weight of paired lenses in mg, X is log 10 x, and x is age in days. Datamine detected no outliers. Regression slopes in plots of absolute values of residuals were 0.110 for males and 0.109 for females, which were not significant and denied the regression of residuals on X in both males (pϭ 0.136) and females (pϭ0.115). These results showed that all the values were acceptable and array variances were equal magnitude along the length of the X lines.
The differences in the regression slopes of males and females were not significant (F-test, F Equations for calculating 95% confidence limits were determined from the statistics in Table 1: for males, and for females.
The achieved precisions of estimation as measured by S yx /Y ළ were 0.059 (S yx ϭ0.307, Y ළ ϭ5.19) for males, and 0.073 (S yx ϭ0.333, Y ළ ϭ4.54) for females. These values were in good agreement with similar studies in other small rodents (Eothenomys smithii Thomas (Rodentia: Muridae), M. oeconomus Pallas (Rodentia: Muridae), M. arvalis Pallas (Rodentia: Muridae), Mus musculus L. (Rodentia: Muridae), Apodemus speciosus Temminck (Rodentia: Muridae) and ClethrionomysϭMyodes rutilus Pallas (Rodentia: Muridae)), falling in a range of 0.04 to 0.09 (Ando and Shiraishi, 1997; Takahashi and Satoh, 1997; Jánová et al., 2007a) .
Although it is suggested that lens grows by accumulating insoluble protein, and nutrition, genetics and body size have a minor influence on the protein content (Dapson and Irland, 1972; Stump and Anthony, 1983) , these equations have various objections. They are more inaccurate in predicting ages of older voles because eye-lens weight increases slower in the older individuals. Furthermore, the age of older voles, especially that of females has a tendency for underestimation of real age, and reproductive histories of females affect the growth of eye-lens (Jánová et al., 2007a, b) . Therefore, we need considering these variables when we apply the equations to determine the age of voles. 
